Three termite species currently placed into Nasutitermes Dudley, 1890 (Isoptera: Termitidae), occurring in Taiwan, N. kinoshitai (Hozawa, 1915) , N. parvonasutus (Nawa, 1911), and N. takasagoensis (Nawa, 1911), are redescribed and keyed. The soldier and worker castes of N. kinoshitai are described for the first time. Neotypes are designated for N. parvonasutus and N. takasagoensis. Significant difference in their morphology and gene sequences of mitochondrial 16S rRNA and internal transcribed spacer (ITS) indicate that N. kinoshitai and N. parvonasutus do not belong to Nasutitermes; however, as the genus and several morphologically similar and systematically related genera are in need of revision, currently it is not possible to propose a revised generic placement. Based on 438 colony samples, the distribution pattern, dispersal flight season, polymorphism of soldier and worker castes, and termitophiles of the three species are discussed.
Nasutitermes Dudley, 1890 (Isoptera: Termitidae: Nasutitermitinae) is the largest genus of Termitidae containing about 250 described species. Nasutitermes is of pantropical distribution (Krishna et al. 2013 ). Members of this genus have radiated to occupy diverse ecological niches. Many species of Nasutitermes build conspicuous arboreal nest by mixture of wood, salivary, and fecal fluids (Light 1933) . Some Nasutitermes spp. were recorded as pests or invasive species (Constantino 2002 , Scheffrahn et al. 2014 . The taxonomy of Nasutitermes was based mainly on the morphology of the soldier caste (Holmgren 1910 , Emerson 1925 . Analysis of cuticular hydrocarbons and gene sequencing had recently revealed several cryptic species or synonyms (Howard et al. 1988; Thorne et al. 1994; Scheffrahn et al. 2005a,b) . Nasutitermes lacks a clear generic-level definition (Tho 1992 , Gathorne-Hardy 2001 , and it is apparently a paraphyletic taxon based on molecular phylogeny (Inward et al. 2007) .
With regards to the Taiwanese species, Umekichi Nawa first described two species-Nasutitermes parvonasutus (Nawa 1911) and Nasutitermes takasagoensis (Nawa 1911)-based on specimens collected from Hengchun Peninsula, the south tip of Taiwan. Even though Nawa credited the authorship to Tokuichi Shiraki in the original description, no evidence was shown that Shiraki described these two species (Krishna et al. 2013) . After four years, Sanji Hozawa described a third species, Nasutitermes kinoshitai (Hozawa 1915) , based on the sample collected from Mt. Kappanzan in northern Taiwan. In the past hundred years, Taiwanese Nasutitermes spp. have been widely used for studying basic termite biology. Roonwal (1981) studied termite wing microsculpturing including these three species. N. parvonasutus had been used for studying termite phylogeny (Miura 2000 , Ohkuma et al. 2004 ) and castes developmental pathway (Hsueh 1998) . N. takasagoensis had been studied in various fields, including digestive enzymes (Tokuda et al. 1997 (Tokuda et al. , 2004 (Tokuda et al. , 2005 (Tokuda et al. , 2008 Fujita and Abe 2002; Tokuda and Watanabe 2007; Fujita et al. 2008) , phylogeny (Miura et al. 2000) , gut morphology (Tokuda et al. 2001) , population structure and biogeography (Garc ıa et al. 2002 (Garc ıa et al. , 2004 , exoparasitic fungi (Hojo et al. 2002) , caste development (Hojo et al. 2004 (Hojo et al. , 2005 , nitrogen fixation (Yamada et al. 2007 ), queen-specific volatile (Himuro et al. 2011) , and symbiotic bacteria (Ou and Cao 2014) . Tsai (2003) analyzed the cuticular hydrocarbons of Taiwanese termites, and chromatograms of N. parvonasutus and N. takasagoensis showed that the two species could be further divided into four and three phenotypes, respectively.
In spite of the extensive biological studies, the taxonomy of Nasutitermes from Taiwan is still unresolved. First, Hozawa (1915) described N. kinoshitai only based on winged imago caste; the soldier and worker castes have remained unknown, and no subsequent records of this species have been published since the original description (1915) , and hence the distribution and occurrence of N. kinoshitai also have remained uncertain. Second, according to Tsai's (2003) cuticular hydrocarbon analysis, N. parvonasutus and N. takasagoensis may rather represent two species complexes. This problem is complicated further by the fact that Nawa (1911) did not designate type specimens for any of these two species, neither did he state depositories of specimens.
The objective of this study is to redescribe all major castes, winged adult, soldier, and worker, of the Taiwanese Nasutitermes species, to fix their identities based on designation of name-bearing types, and to provide a solid identification standard for species level. We also discuss the monophyly of Nasutitermes in Taiwan based on molecular and morphometric data.
Materials and Methods

Termite Collection and Specimen Examination
We chopped wood, examined mud tubes on tree trunk, and dig soil to collect soldiers, workers, and winged imagos. Light trap, flight interception trap, and Malaise trap were set to collect winged imagos. To collect N. kinoshitai, we did a termite survey at Sileng, Taoyuan (24.6497 N, 121 .4279 E), closed to its type locality, during April 1st-3rd, 2014. This survey followed the protocol described by Li et al. (2015) . We also set up three Malaise traps and three flight interception traps (Supp. Fig. 1 [online only]) at Sileng during April to July 2014 to intercept flying winged imagos. Specimens of Nasutitermes for redescriptions and descriptions were examined based on the collections of NCHU and NMNS (abbreviations of depositories see below). A total of 438 colony samples or winged imago specimens collected from 211 localities were examined, including the type localities of N. kinoshitai, N. parvonasutus, and N. takasagoensis (Fig. 1) . Specimens are preserved in 85-95%
ethanol. The collections of NCHU are coded with TW# (#: serial number).
Description and Morphometric Analysis
The specimens were examined under Leica M205 C stereomicroscope and measured by using Leica MC170 HD digital camera with the software LAS (Leica Application Suite Version 4.4.0, Leica, Wetzlar, Germany) on computer monitor. Photographs were taken by Leica MC170 HD digital camera or Canon EOS 650D with a micro lens (Canon Inc., Tokyo, Japan), and then combined by the automontage software CombineZP (Hadley 2010) . To observe the pilosity of soldier capsule, some samples were soaked in 15% potassium hydroxide for 3-4 h and then depigmented with hydrogen peroxide. Color description of characters follows the Munsell color system (Munsell Color Company 1975, Kelly and Judd 1976) , and hue, value, and chroma were recorded (Supp. (Tables 1 and 2 ) were selected and measured mainly based on Roonwal's criterion (1969) , except three characters, fontanelle concave of winged imago, median length of head rostrum, and elevation degree of soldier rostrum. The fontanelle of winged imagos is slightly concave with light color compared to the surrounding area of head capsule, and hence we defined this light color area as the fontanelle concave. The measurement followed the rule of fontanelle rim in Roonwal (1969) . The median length of head rostrum and the elevation degree of rostrum are described in details in Supp. Fig. 2 (online only). To detect significant difference of each character among species (Tables 1 and 2) , Kruskal-Wallis test was used followed by Mann-Whitney pairwise test in Past software (version 3. 07; Hammer et al. 2001 ). The head width was used for determining polymorphism of soldier and worker castes (Hojo et al. 2004) . Three colony samples of each species with 30 individuals of each colony were measured. Normal distribution of head width was examined by Shapiro-Wilk test. Head width with normal distribution was considered as monomorphism. If head width did not present normal distribution, the data were plotted as histograms for determining the number of morphotypes.
DNA Extraction, Amplification, and Sequencing
The specimens for molecular sequencing were preserved in 95% ethanol. A total of 22 colony samples with different morphology or collected from distant locations from the others were submitted to gene sequencing. Nineteen of the 22 samples were also used for morphometric analysis. Genomic DNA was extracted from the thorax 
Species Delimitation Procedure
Principal component analysis (PCA) by correlation matrix (between group analyses) and analysis of similarities (ANOSIM) with BrayCutis similarity index of morphometric matrix of winged imagos and soldiers were used to confirm significant difference between each morphospecies. All multivariate analyses were carried out using Past software (version 3.06; Hammer et al. 2001) . To consolidate monophyly of morphospecies, the phylogenetical analysis with Maximum likelihood tree of 16S rRNA and ITS sequences was conducted by using MEGA6 (Tamura et al. 2013) . Then, the each morphospecies were identified to species level according to their morphological characters. All the major castes, including winged imago, soldier, and worker, of each species were described or redescribed. 
Abbreviations for Depositories
Results
Discovery Soldier and Worker Castes of N. kinoshitai
We collected winged imago of N. kinoshitai in Sileng (TW2212 and TW2277) by Malaise traps and flight interception traps, and its morphology matched the original description (Hozawa 1915) . We also collected soldier and worker specimens in woods at the same location (TW2157). According to the 16S rRNA sequences, the soldier and worker (TW2157) and winged imago (TW2212) were the same species (Fig. 2 ). Soldier and worker castes of N. kinoshitai was discovered for the first time.
Species Delimitation
The PCA of morphometric data of winged imago and soldier castes indicates that three morphotypes are significantly different without merging in scatter diagrams of PC1 and PC2 (Supp. Fig. 3 [online only]). The results of ANOSIM support that both winged imago and soldier are significantly different in morphometric matrix between the morphotypes (Supp. Table 2 [online only]). 16S rRNA and ITS sequences separate to three groups in Maximum likelihood tree ( Fig. 2 and Supp. Fig. 4 [online only]). The pairwise distance of 16S rRNA and ITS sequences among three Nasutitermes spp. are shown in Table 3 . Validation of the three species was supported by molecular and morphometric analysis, and correspond to the original descriptions of N. kinoshitai, N. parvonasutus, and N. takasagoensis (Nawa 1911 , Hozawa 1915 . Descriptions, redescriptions, comparisons, and identification keys to the winged imago, soldier, and worker castes of the three Nasutitermes spp. occurring in Taiwan are provided below.
Nasutitermes kinoshitai (Hozawa, 1915) Eutermes ( 
Type Material
In the original description, Hozawa (1915) did not mention the depository of type specimen. We also could not find any type material in the University of Tokyo, where Hozawa did this research. However, according to Krishna et al. (2013) , syntypes were deposited in the AMNH, ZIHS, and FRI. The identification of this species was based on its original description. Table 1) Color: Head capsule darker reddish brown, with hair pore, central suture, and fontanelle concave pale yellow. Antennae, labrum, postclypeus, and palpi dark orange yellow. Ante-clypeus whitish (Fig. 3A) . Mandible moderate orange (Fig. 3D) . Pronotum dark orange yellow to strong yellowish brown, with a V-shaped mark and shoulder spots light orange yellow (Fig. 4A ). Meso-and metanotum pale orange yellow, with hind portion moderate brown. Tergites moderate brown, sternites grayish yellow. Legs, with femur pale orange yellow, tibia dark orange yellow. Wings membrane moderate yellowish brown, with anterior portion of costal margin, radial sector vein and cubitus deep yellowish brown, apical portion of costal margin, radial sector vein and costal pale yellow, radial sector follow with a dark orange yellow line below (Fig. 5A ).
Head oval, pilose. Fontanelle elongate oval (Fig. 3C ). Coronal suture visible with frontal suture obscure (Fig. 3A) . Compound eyes oval, projecting dorsolaterally ( Fig. 3A and B) . Ocellus oval and large, projecting dorsolaterally, separated from eye by distance less than the half of its shortest diameter ( Fig. 3A and B). Antenna with 15-16 articles; 1st cylindrical, length longer than twice of width; 2nd cylindrical, length equal to width, shorter and narrower than 1st; 3rd the shortest and 5th slightly shorter than 4th in 15-segmented antenna; 3rd equal to 2nd, 4th the shortest in 16-segmented antenna; 6th to the second-last antennomere turbinate, gradually increase in length to apex; the last antennomere elongate oval. Labrum linguiform, broadest at middle, covered with three to five long (>0.15 mm) setae and >20 short (<0.1 mm) setae. Postclypeus short, anterior margin concave or truncate, post margin convex, covered with >30 setae, length of setae shorter than postclypeus. Anteclypeus longer than postclypeus, glabrous.
Left mandible (Fig. 3D left) , apical tooth incurved; 1st marginal tooth elongate triangle-shaped in dorsal view, slightly longer than apical tooth; 2nd marginal tooth shortest but broader than apical tooth plus 1st marginal tooth, with the tip at posterior portion; molar tooth largest, the tip at anterior portion, molar plate with conspicuous serrate ridges hidden by molar prominence. Right mandible (Fig. 3D right) , apical tooth incurved; 1st marginal tooth triangular in dorsal view, nearly as longer as apical tooth; 2nd marginal tooth shortest, as broad as 1st marginal tooth, with the tip at anterior portion; molar tooth largest, the tip at posterior portion, molar plate with conspicuous serrate ridges. Pronotum ( Fig. 4A and D) broadest at anterior half, anterolateral corners broadly rounded, lateral margin converging posteriorly, posterior margin emarginate, dorsal surface covered with dense short setae and margin fringed with long setae, except two shoulder spots and two posterior spots glabrous, the central mark is V-shaped with 6-10 short setae on its central area.
Wing scales triangular, forewing ones larger than that of hindwings. Forewing membrane covered with fine setae directly toward the apex, basal half with fewer setae than apical half; coastal margin and radius sector sclerotized, radius sector with no branches, parallel to the anterior margin; media lightly sclerotized, with one to three branches near apex; cubitus with 10-14 branches, the basal six branches more sclerotized and thicker than the rest branches. Hindwing membrane similar to forewing but shorter (Fig. 5A) .
Soldier (Fig. 6, Supp. Figs . 5B and C, 6A [online only]; Table 2) Color: Head capsule strong yellowish brown with coronal suture and posterior portion lighter, rostrum dark grayish reddish brown (Supp. Figs. 5B and C [online only]). Antennae strong yellowish brown. Pronotum with anterior half moderate reddish brown, posterior half strong brown, two shoulder spots and median suture with contrastively lighter color; mesonotum, metanotum, and tergite I pale yellow with their posterior margins strong brown, the rest Head capsule with coronal suture slightly concave in minor soldier while obviously concave in major soldier ( Fig. 6A and F) ; surface finely wrinkled, with fine setae scattered. Rostrum tube like, basal width less than half of length from dorsal view, dorsal surface between rostrum and head capsule slightly concave; rostrum with dense setae limited at the tip ( Fig. 6B and G) . The elevation degree of rostrum is 2. 77-20.07 (10.57 6 4.67 ). Mandible with moderately developed apical processes. Apical process right angle in major soldier, rounded in minor soldier ( Fig. 6C and I ). Antenna ( Fig. 6H ) with 13-14 articles; of the 13 segments antennae, 1st largest, cylindrical, length as long as twice of width; 2nd short, cylindrical; 3rd as long as 1st or slightly shorter than 1st, with un-developmental suture at middle; 4th shorter than 3rd, as long as or slightly longer than 2nd; 5th-7th gradually increasing in length; 7th-12th turbinate, similar in length and shape; 13th elongate oval, slightly shorter than 12th. Pronotum ( Fig. 6D and J) saddle like, anterior portion elevated, widest at antero-lateral corner; anterior margin emarginate, fringed with short setae; lateral margin converging posteriorly; posterior margin rounded, emarginate; dorsal surface covered with setae, except two shoulder spots and central cross-shaped area glabrous. Mesonotum as long as or slightly shorter than pronotum, widest at middle, narrower than pronotum; anterior margin deeply concave; lateral margin rounded, fringed with short setae; posterior margin emarginate; central area glabrous with lighter color, marginal area covered with some short setae except of anterior portion. Metanotum as long as or slightly longer than pronotum, widest at antero-lateral corner, wider than pronotum; posterior portion elevated; shape and pilosity similar to the mesonotum. Legs pilose, longer than abdomen, tibial spurs 2:2:2. Abdomen ( Fig. 6E and K) very pilose, both tergum and sternum covered with densely short setae, while sternum with several longer setae; lateral membrane glabrous.
Worker (Supp. Fig. 5D-F 
[online only])
Color: head capsule moderate orange yellow to strong yellowish brown depending on the size, the larger the size, the darker the capsule; coronal suture and posterior portion with contractively lighter color. Antennae light orange yellow, with last two to three segments darker. Color pattern of major worker's pronotum, mesonotum, metanotum, and tergum slightly lighter than that of soldier, while that of medium and minor workers nearly transparent or whitish. Legs whitish with tarsi slightly brownish.
Worker with three types in size; of major workers (width of head capsule broader than 1.2 mm), head capsule covered with short setae except epicranial suture, some long setae scattered. Antenna with 13-15 articles, generally with 14 articles; 1st largest, cylindrical, length nearly as long as twice of width; 2nd smaller than 1st, widest at apical end; 3rd-5th similar in shape and length, widest at middle; 6th-13th turbinate, gradually increasing in length; 14th elongate oval. Labrum linguiform, prominent at central, broadest at middle, width longer than length, dorsal surface with 8-10 long setae. Postclypeus short, length shorter than width, anterior margin concave, posterior margin convex, covered with several setae, which shorter than postclypeus. Anteclypeus longer than postclypeus, with no setae. Notum and legs of worker similar to that of soldier. Legs shorter than abdomen. Abdomen elongate oval, tergum much arched; pilosity similar to soldier.
Biological Notes
According to Hozawa (1915) and our present data, the dispersal flight of winged imagos occurs in May and June. Recent field observation showed two female and seven male individuals (TW2299) were attracted by the light of billboards in early evening around 19:00-20:00. N. kinoshitai forage the rotten snag or fallen trunk, prefer more rotten part of the wood, and build the tunnel by debris on the wood surface. No arboreal nest was found, and we speculated that N. kinoshitai has an underground nest. In Taiwan, N. kinoshitai only had been found in northern area (Fig. 1B) . Record of altitude distribution ranges from 288 to 1,172 m. Photograph of live habitus of soldier and worker is available in Supp. Fig. 6A [online only].
Soldier caste is polymorphic (Supp. Fig. 7 [online only]), containing major and minor soldiers. The head widths of major soldier range from 1.23 to 1.45 mm (1.34 6 0.04, n ¼ 33), and that of minor soldier range from 1.02 to 1.23 mm (1.14 6 0.05, n ¼ 27). Worker caste is also polymorphic (Supp. Fig. 8 [online only] ), containing major, medium, and minor workers. The ranges of head widths of major, medium, and minor worker are 1.18-1.42 mm (1.27 6 0.06, n ¼ 50), 1.07-1.14 mm (1.10 6 0.02, n ¼ 33), and 0.92-0.95 mm (0. 93 6 0.01, n ¼ 6), respectively.
A termitophilous beetle, Oreomicrus sp. (Hydrophilidae: Sphaeridiinae: Omicrini), was observed in the tunnels of N. kinoshitai. Beetle specimens were preserved with the host termite (TW2162) in 95% ethanol and deposited in NCHU.
Nasutitermes parvonasutus (Nawa, 1911) Eutermes parvonasutus Nawa, 1911: 414 (imago, soldier, worker), pl. 21: Figs. 1-4. Type locality: Taiwan, Hengchun.
Eutermes (Eutermes) watasei Holmgren, 1912: 134-136 (imago, soldier, worker) . Type locality: Taiwan. Synonymized with parvonasutus by Hozawa (1912: 499) .
Nasutitermes parvonasutus: Light 1931: 595 (remarks, distribution, new combination).
Type Material
In original description, Nawa (1911) did not mention the depository of type specimens; Krishna et al. (2013) stated that the type material of this species was unknown. No type specimen could be found in the six major insect collections (NTU, TFRI, TARI, NCHU, NPTU, and NMNS) in Taiwan which could be recognized as syntypes. Hence, the type specimens have been probably lost, or misplaced, mislabeled, and are currently impossible to be recognized. As no original namebearing types are available and the brief original description and inadequate illustrations also do not allow recognition of the species, a neotype is hereby designated with the express purpose of clarifying the taxonomic status of the nominal taxon. The specimen selected for neotype is consistent with the original description and it came as nearly as practicable from the original type locality.
NEOTYPE Color: head capsule dark grayish brown, with hair pores pale yellow, fontanelle concave yellowish gray ( Fig. 3E and G) . Antennae moderate orange yellow. Post-clypeus, labrum, and palpi pale yellow to moderate yellow. Ante-clypeus whitish. Pronotum moderate brown, with a shallow V-shaped mark and shoulder spots light brown (Fig. 4B) . Meso-and metanotum pale yellow to light brown, with posterior region moderate brown. Tergites moderate brown, sternites light brown. Legs strong yellowish brown. Wings membrane moderate yellowish brown, with anterior portion of costal margin, radial sector vein and cubitus deep yellowish brown, apical portion of costal margin, radial sector vein and costal pale yellow, radial sector follow with a dark orange yellow line below (Fig. 5B) . Head oval, pilose. Fontanelle elongate oval or triangular (Fig. 3G) . Coronal suture obscure with frontal suture invisible (Fig.  3E) . Compound eyes oval, projecting laterally. Ocellus oval, separated from eye by distance longer than the half of its shortest diameter. Labrum linguiform, broadest at middle, dorsal surface covered with short setae and more than 10 setae longer than 0.1 mm. Postclypeus short, anterior margin concave or truncate, post margin convex, covered with several short setae, some of which as long as postclypeus. Anteclypeus longer than postclypeus, glabrous ( Fig. 3E  and F ). Antenna generally with 15 articles, 1st the largest, cylindrical, length as long as twice of width; 2nd cylindrical, slightly longer than width; 3rd generally the narrowest but length unstable; 4th-6th somewhat circular, nearly equal in length; 7th-14th turbinate, gradually increasing in length; 15th elongate oval. Dentation (Fig. 3H) is similar to N. kinoshitai.
Pronotum ( Fig. 4B and E) broadest at anterior half, anterior margin straight and raised, antero-lateral corners broadly rounded, lateral margin converging posteriorly, posterior margin emarginate; dorsal surface covered with dense short setae and margin with long setae, except the shallow V-shaped mark, two shoulder spots and two posterior spots glabrous, the end of the shallow V-shaped mark does not reach the middle of pronotum.
Wing scales triangular, forewing ones larger than that of hindwings. Forewing membrane covered with fine setae directly toward the apex, basal half fewer than apical half; coastal margin and radius sector sclerotized, radius sector with no branches, parallel to the anterior margin; media lightly sclerotized, with one to three branches near apex; cubitus with 8-10 branches, the basal four branches sclerotized and thicker than the rest branches. Hindwing membrane similar to forewing but shorter (Fig. 5B) .
Soldier (Fig. 7 Head capsule (Fig. 7A and B) , rounded on apex, widest at middleposterior portion, anterior portion converging as rostrum, entire head surface pilose, setae unequal in length. Rostrum tube like, in dorsal view, basal width less than half of length, dorsal surface between rostrum and head capsule straight or slightly concave; rostrum with more than 100 setae covered from tip to base; approximately one-fifth anterior portion of rostrum densely surrounded with > 30 setae. The elevation degree of rostrum is À8. 74-16.15 (5.12 6 5.19 ). Mandible with developed apical processes, generally with a marginal tooth (Fig. 7F) . Antenna ( Fig. 7C ) with 11-13 articles; of the 13 segments antennae, 1st large, cylindrical, length as long as twice of width; 2nd cylindrical, shorter than 1st, length as long as width; 3rd narrower but longer than 2nd; 4th shortest; 5th-7th gradually increasing in length; 7th-12th turbinate, similar in length and shape; 13th elongate oval, slightly shorter than 12th. Pronotum (Fig. 7D ) saddle like, anterior portion elevated, widest at antero-lateral corner; anterior margin fringed with short setae, slightly concave at middle; lateral margin converging posteriorly; posterior margin rounded with slightly concave at middle; surrounded with setae at marginal area, central area lighter in color and glabrous. Mesonotum elongate oval, shorter and narrower than pronotum, anterior margin strongly concave; lateral margin rounded, fringed with short setae; posterior margin slightly concave at middle; lateral and posterior portion elevated; central area glabrous, marginal area covered with some short setae except anterior portion. Metanotum nearly as long as pronotum, wider than pronotum; posterior portion elevated; shape and pilosity similar to the mesonotum. Legs pilose, longer than abdomen; tibial spur 2:2:2. Abdomen (Fig. 7E) very pilose, both tergites and sternites covered with densely short setae, while sternites with several longer setae; lateral membrane glabrous.
Worker (Supp. Fig. 5I and J [online only])
Color: head capsule pale orange yellow to strong yellowish brown depending on the size, the larger the size, the darker the capsule; coronal suture and posterior portion lighter. Postclypeus whitish. Color of antennae similar to capsule but lighter, with last two to three segments darker. Pronotum, mesonotum, and metanotum whitish with margin slightly brownish. Abdomen cuticle transparent, color of abdomen various depends on the setae and infestinal contents. Legs whitish.
Worker with two types in size, of major workers, head capsule strong yellowish brown, head capsule covered with short setae except epicranial suture glabrous. Antennae with 14 articles, 1st largest, cylindrical, nearly length as long as twice of width; 2nd smaller than 1st, widest at apical end; 3rd-5th similar in shape and length, widest at middle; 6th-13th turbinate, gradually increasing in length; 14th elongate oval. Labrum linguiform, lateral margin slightly concave at base, broadest at middle, dorsal surface with scattered setae in various length, with the longest two at central area. Postclypeus prominent, anterior margin concave, posterior margin convex, covered with several short setae. Anteclypeus glabrous, as long as postclypeus. Abdomen elongate oval, similar to soldier.
Biological Notes
According to Hozawa (1915) and our recent study, the dispersal flight of N. parvonasutus occurs between May and August. N. parvonasutus does not build any arboreal nest. Several incipient nests were found in the rotten wood but not mature nests. We speculated that mature colony build an underground nest. N. parvonasutus was commonly found in less developed area in Taiwan, and it was recorded as a pest of sugar cane (Yanagihara 1938 , Yi 1954 . The altitude distribution was recorded from 0-1,339 m (Fig. 1A) . Photograph of live habitus of soldier and worker is available in Supp. Fig. 6B [online only] .
The measurement of head capsule widths showed soldier of N. parvonasutus is monomorphic (Supp. Fig. 7 [online only]) and worker caste is dimorphic (Supp. Fig. 8 [online only] ). The head width of major worker ranges from 0.91 to 1.10 mm (1.01 6 0.04, n ¼ 80), and that of minor worker ranges from 0.83 to 0.88 (0. 86 6 0.02, n ¼ 10).
Two termitophilous beetles were found associated with N. parvonasutus. A rove beetle belonging to Corotocini (Staphylinidae: Aleocharinae) was found in a mud tube of N. parvonasutus built on tree trunk. The other beetle, Oreomicrus sp.
(Hydrophilidae: Sphaeridiinae: Omicrini), had been collected from termite's tunnel in wood. The specimens are preserved with host termite (TW511 and TW2175) in 95% ethanol and deposited in NCHU.
Nasutitermes takasagoensis (Nawa, 1911) Eutermes (Eutermes) piciceps Holmgren, 1912: 132-134 (imago, soldier, worker) . Type locality: Botel-Tobago Island ( ¼ Lanyu Is., Taiwan); Australia: Christmas Island. Synonymized by Hozawa (1912: 499) .
Nasutitermes takasagoensis: Light and Wilson 1936: 492 (remarks, new combination). 
Type Material
The type specimen of N. takasagoensis was not designated by Nawa in the original description and we did not find any specimens syntype in the six major insect collections (NTU, TFRI, TARI, NCHU, NPTU, and NMNS) in Taiwan. The reason and process of type specimen designation of N. takasagoensis is the same as that of N. parvonasutus, which we described early in this article.
NEOTYPE: a soldier collected at TAIWAN, Pingtung Co. Table 1) Color: head capsule grayish reddish brown, with hair pores and fontanelle concave light reddish brown. Ocellus pale orange yellow. Antennae and palpi moderate orange yellow. Post-clypeus, labrum, and mandible dark orange yellow. Ante-clypeus whitish (Fig. 3I) . Pronotum, meso-and metanotum dark orange yellow to strong yellowish brown (Fig. 4C) . Tergites strong yellowish brown, sternites moderate orange yellow. Legs strong yellowish brown. Wings membrane light yellowish brown, with basal portion of costal margin, radial sector vein, and cubital branches deep yellowish brown, apical portions of them lighter, radial sector with a faint yellow line below (Fig. 5C ). Head oval, pilose. Fontanelle slit-liked (Fig. 3K) . Coronal suture obscure with frontal suture invisible. Compound eyes oval, comparatively large, projecting dorsolaterally. Ocellus large, prominent, sub oval (rice shape-like), separated from eye by distance less than the half of its shortest diameters. Labrum linguiform, broadest at middle, dorsal surface pilose, with two longest setae up to 0.19 mm at middle, the others setae less than 0.11 mm. Postclypeus short, anterior margin concave or truncate, posterior margin convex, covered with several short setae, some of which as long as or longer than postclypeus, median suture distinct. Anteclypeus longer than postclypeus, glabrous. Antennae with 14-16 articles, with generally 15 articles; 1st-3rd cylindrical; 1st the largest, length slightly shorter than twice of width; 2nd smaller than 1st, length equal to width; 3rd unstable in size according to it segmentation, 3rd the smallest while it clearly segmented, some larger than 2nd with poorly developmental suture in the middle; 4th-7th moniliform; 8th to the second-last article turbinate, gradually increasing in length; the last article elongate oval. Dentation (Fig. 3L) is similar to N. kinoshitai.
Pronotum (Figs. 4C and F) broadest at antero-lateral corners, anterior margin straight and raised, lateral margin converging posteriorly, posterior margin emarginated in the middle; dorsal surface covered with dense short and long setae except the Y-shaped mark, margin fringed densely with long setae, two shoulder spots and two posterior spots glabrous, the end of Y-shaped mark exceed the middle of pronotum.
Wing scales triangular, forewing ones larger than that of hindwings. Forewing membrane covered with fine setae; radial sector with no branch, parallel to the anterior margin, with some faint crossveins that do not reach the media; media with one to three branches near apex, with some fine cross-veins directed toward the radial sector but do not reach; cubitus with 8-14 branches, the basal four to six branches more sclerotized and thicker than the rest branches. Hindwing membrane similar to forewing but shorter (Fig. 5C ).
Soldier (Fig. 8, Supp. Figs. 5L, 6C [online only]; Table 2) Color: head capsule dark grayish brown to moderate brown; rostrum with apical half moderate reddish brown, basal half of some specimens darker than capsule. Antennae strong yellowish brown. Pronotum moderate brown; mesonotum and metanotum slightly lighter than pronotum. Abdomen tergites strong yellowish brown. Legs strong yellowish brown.
Head capsule (Fig. 8A and B) , rounded on apex, surface glabrous, generally with six long setae on dorsal surface (Fig. 8A) , four setae situated at base of rostrum, one seta situated nearly at the center of each half side of capsule. Rostrum conical, dorsal view of basal width nearly as long as half of length, dorsal surface between rostrum and head capsule straight; tip surrounded with only two to four setae. The elevation degree of rostrum from 7.90 to 23.18 (14.46 6 3.36 ). Mandible with developed apical processes (Fig.   8F ). Antenna ( Fig. 8C ) with 12-14 articles; of the 13 articles, 1st large, cylindrical, length as long as twice of width; 2nd cylindrical, shorter and narrower than 1st; 3rd longer than 2nd; 4th nearly as long as 2nd, shorter than 5th; 4th-5th broadest at middle; 5th-7th gradually increasing in length; 7th to 12th turbinate, similar in length and shape; 13th elongate oval, slightly shorter than 12th. Pronotum (Fig. 8D ) saddle like, anterior portion elevated, widest at antero-lateral corner; anterior margin fringed with short setae, slightly concave at middle; lateral margin converging posteriorly; posterior margin rounded with slightly concave at middle; surface glabrous. Mesonotum elongate oval, shorter and narrower than pronotum, anterior margin deeply concave; lateral margin rounded, fringed with few short setae; posterior margin rounded; surface glabrous with two long setae at posterior margin. Metanotum broader and longer than pronotum; posterior portion slightly elevated; shape and pilosity similar to the mesonotum. Legs pilose, longer than abdomen, tibial spur 2:2:2. Abdomen (Fig. 8E ) with scattered fine setae on tergites, each tergite with two to six long setae at posterior portion, increasing the number of setae from 1st to last segments; sternites pilose, covered with densely short setae and several longer setae.
Worker (Supp. Fig. 5M-O [online only])
Color: head capsule, vertex strong yellowish brown to dark reddish brown, frons lighter, epicranial suture and bilateral sides of head whitish to slightly brownish; overall, the color depending on the size, the larger the size, the darker the body. Antennae, palpi light yellow. Legs whitish. Worker with three types in size, of major workers, head oval, vertex and frons covered with short setae, epicranial suture glabrous; vertex with three long setae at both half sides in front; frons with two long setae. Antenna with 12-15 articles; 1st largest, cylindrical, length nearly as long as twice of width; 2nd smaller than 1st, widest at apical end; 3rd-5th similar in shape and length, widest at middle; 6th to the second-last article turbinate, gradually increasing in length toward last article; the last article elongate oval, narrower than the preceding article. Labrum linguiform, lateral margin slightly concave at base, broadest at middle, surface with 8-10 long setae. Postclypeus prominent, anterior margin concave, posterior margin convex, covered with four long setae. Anteclypeus glabrous, longer than postclypeus. Notums similar to soldier; the pronotum of major worker, the anterior margin more concave at middle than minor workers and soldier caste. Abdomen elongate oval, both tergites and sternites scattered with short and long setae but the sternites with more dense setae.
Biological Notes
According to Hozawa (1915) and this study, the dispersal flight season of N. takasagoensis is between May and October. N. takasagoensis build conspicuous arboreal nests. The incipient nest could be found in the rotten wood and tree branches. N. takasagoensis build mud tubes with debris on tree surface to forage dead branches of living trees. N. takasagoensis could damage manmade constructions (Supp. Fig. 9 [online only]), wood poles, and fence posts . In Taiwan, N. takasagoensis was only found in southern area (Fig. 1B) . The northernmost collection site is at Du-Lan Mountain, Taitung, locating at south tip of Seashore Mountain Range. N. takasagoensis is the second abundant Termitidae species in the Kenting National Park, locating at south tip of Taiwan Island . In additional, N. takasagoensis is the most dominant termite species in the Lanyu Island and Green Island (H.F.L, unpublished data). The altitude distribution ranged from 0-575 m. The habitat of N. takasagoensis is broad leaved forests near seashore. Photograph of live habitus of soldier and worker is available in Supp. Fig. 6C [online only] .
Annals of the Entomological Society of America, 2016 , Vol. 109, No. 5Holmgren (1912 first described the polymorphism of Eutermes piciceps Holmgren, the synonym of N. takasagoensis. He divided worker caste into major worker and minor worker based on the material from Taiwan, Lanyu Island, and Christmas Island. In the end of the same year, Oshima (1912) also described the major worker and minor worker of N. takasagoensis from Taiwan and Lanyu Island. Recently, Hojo et al. (2004) investigated the caste development pathway of N. takasagoensis from Iriomote Island, Japan. Based on head width, Hojo et al. (2004) suggested there are three types in size both on larvae and workers. In our study, soldier caste is monomorphic (Supp. Fig. 7 [online only] ). Worker caste is polymorphic (Supp. Fig. 8 [online only] ), including major, medium, and minor worker. The head width of minor, medium, and major workers range from 0.86 to 1.10 mm (1.00 6 0.06, n ¼ 48), 1.13 to 1. 20 mm (1.15 6 0.02, n ¼ 19), and from 1.22 to 1.42 mm (1.30 6 0. 05, n ¼ 23), respectively. Iwata (1989) recorded one termitophilous tenebrionid, Leptoscapha unifasciata Kaszab, 1964 (Coleoptera: Tenebrionidae) associated with N. takasagoensis. In this study, L. unifasciata was also collected from mud tubes of N. takasagoensis built on tree trunk.
Winged Imago Comparison
N. parvonasutus is distinguished by its smallest size, and most measured characters of N. parvonasutus are significantly shorter than that of the other two species (Table 1 ; Supp. Fig. 5 [online only] ). The maximum width of pronotum of N. parvonasutus is less than 1 mm, and that of the other two species is longer than 1 mm. The compound eyes of N. parvonasutus project laterally, while the other two species project dorsolaterally. The V-shaped mark on pronotum of N. kinoshitai reach the middle of pronotum with 6-10 setae at its central area (Fig. 4D) . The shallow V-shaped mark of N. parvonasutus does not reach the middle of pronotum and with no setae (Fig.  4E) . The Y-shaped mark of N. takasagoensis exceeds the middle of pronotum and with no setae (Fig. 4F) . N. kinoshitai and N. takasagoensis are similar in size, but can be distinguished by following characters. N. kinoshitai with large elongate oval fontanelle (Fig. 3A and C) differs to small silt-liked fontanelle of N. takasagoensis ( Fig.  3I and K) . Regarding to wing venation, N. kinoshitai's media has only one to three branches near apex (Fig. 5A ), but that of N. takasagoensis has some fine cross-veins branching toward the radial sector (Fig. 5C) .
Soldier Comparison
N. parvonasutus is distinguished by its smallest size and most characters are significantly smaller than that of the other two species (Table 2) . N. takasagoensis with conical rostrum, that basal width nearly as long as half of length ( Fig. 8A and B) . N. parvonasutus and N. kinoshitai with more slender rostrum (Figs. 6A, B , F, and G, 7A and B) . The pilosity of rostrum are distinguishing among three species. N. takasagoensis only have two to four setae at the tip of rostrum ( Fig. 8A and B) . N. kinoshitai has >20 setae surrounding the tip of rostrum (Fig. 6A, B , F, and G) . N. parvonasutus has >100 setae from base of rostrum to its tip, and dense setae locate at one-fifth of distal rostrum ( Fig. 7A and B) . Of the capsule, N. kinoshitai with coronal suture slightly concave in minor soldier (Fig. 6A ) and strongly concave in major soldier (Fig. 6F) , the other two species have rounded capsule (Figs. 7A, 8A) . N. takasagoensis has scattered fine setae on tergites, each tergite with only two to six long setae at posterior portion (Fig. 8E) , and N. kinoshitai and N. parvonasutus covered with densely short setae with >30 setae on each tergite ( Fig. 6E and K, 7E) .
Workers Comparison
N. parvonasutus has transparent abdomen cuticle, and we can see clear intestinal contents in guts. The other two species have more sclerotized and pigmented abdomens. N. kinoshitai have more brownish tarsi than the other leg segments, and the other two species have unicolor sections.
Systematic Position of Nasutitermes in Taiwan
The three Taiwanese Nasutitermes species were placed into the genus Eutermes Heer, 1849 in their original descriptions (Nawa 1911 , Hozawa 1915 ) and they were transferred to Nasutitermes without proper investigation (Light 1931 , Light and Wilson 1936 , Snyder 1949 . The only related study was conducted by Light and Wilson (1936) who mentioned that N. takasagoensis is similar to a Philippine species, N. luzonicus (Oshima, 1914) , and N. takasagoensis is also closed related to members of the N. matangensis species group which were recorded from Indonesia, Malaysia, and Christmas Island (Krishna et al. 2013) . A phylogenic study of Nasutitermes spp. in the Pacific Region (Miura et al. 2000) , including two Taiwanese species, N. parvonasutus and N. takasagoensis, showed that N. takasagoensis grouped with N. matangensis (Haviland, 1898) and N. novarumhebridarum (Holmgren and Holmgren, 1915) , which is closely related to some neotropical species including the type species of the genus, N. corniger (Motschulsky, 1855). Based on molecular evidence, morphological comparison, and termite ecology, N. takasagoensis belongs to Nasutitermes sensu strico (the species phylogenetically closely related with the type species). However, N. takasagoensis is significantly different from the other two Taiwanese species, N. kinoshitai and N. parvonasutus, based on morphological comparison and genetic variation provided in this study. It is apparent that N. kinoshitai and N. parvonasutus do not belong to Nasutitermes sensu stricto, but no conclusive decision is possible, because Nasutitermes itself is morphologically highly diverse, likely polyphyletic, and lacks a clear generic definition. The problem is complicated further by the presence of 27 other genera of Nasutitermitinae in the Oriental Region and seven genera are endemic to China (Krishna et al. 2013) . In lack of adequate original or subsequent descriptions, these genera are difficult or impossible to distinguish each other. As a consequence, no new generic placement is proposed for N. kinoshitai and N. parvonasutus. The problem could only be settled by a comprehensive revision of the whole generic complex.
Material Measured and Sequenced
The measured termite castes and sequenced genes are abbreviated as A, alate (winged imago); S, soldier; W, worker; 16S rRNA, 16S ribosomal RNA gene; ITS, internal transcribed spacer. Taxonomic key Key 1. Key to the species of Nasutitermes from Taiwan based on winged imago caste
1.
Distance of ocellus to compound eye longer than a half of minimum diameter of ocellus. Width of pronotum less than 1 mm ( Fig. 4B ; Table 1 ). The shallow V-shaped mark on the pronotum does not reach the middle of pronotum (Fig. 4E) .
N. parvonasutus -Distance of ocellus to compound eye shorter than a half of minimum diameter of ocellus. Width of pronotum more than 1 mm ( Fig. 4A and C ; Table 1 ). The V-shaped or Y-shaped marks on pronotum reach or exceed the middle of pronotum ( Fig. 4D and F) .
2 2 Fontanelle oval. Width of fontanelle concave longer than or equal to 0.09 mm ( Fig. 3A ; Table 1 ). V-shaped mark on pronotum with 6-10 setae on central area ( Fig. 4A and D) . Median vein has no cross-vein toward radial sector (Fig. 5A) .
N. kinoshitai -Fontanelle slit-liked. Width of fontanelle concave shorter than or equal to 0.05 mm ( Fig. 3I ; Table 1 ). Y-shaped mark on pronotum glabrous ( Fig. 4C and F) . Median vein has several fine cross-veins toward radial sector (Fig. 5C ).
N. takasagoensis
